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FOREWORD

This is a technical report of a study conducted by the Electrical
Engineering Department of Auburn University under the auspices of

Auvburn Research Foundation toward the fulfiliment of the requirements

prescribed in NASA Contract NAS8-11251.
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"ABSTRACT

Electronically scanned antennas have become quite popular in
recent years. These antennas usually consist of a large array of
closely spaced elements., Due to the close spacing between the elements,
coupling becomes important. Thus, one must examine the influence of
mutual coupling in order to predict the feasibility of an electronic
scanning array.

This report presents an analysis of the effects of mutual coupling
on a 36 element, square array of crossed slots in an electrically large
ground plane. The study was made by computing the mutual admittance
between the slots and solving the simultaneous equations for a model
array of parallel slots to obtain the terminal voltage and phase of
each element. These parameters were tabulated for five representative
pointings of the array.

Since the array pattern is proportional to the voltages along
the slot, and the relative phase of each slot, it is a simple
matter to calculate the array pattern with the aid of a computer.
These pattefns were plotted for the representative pointings,
and coincide very closely to those in which mutual coupling was
neglected.

The array gain was calculated for the various pointings. It was

found to vary with direction of beam pointing, however, it does not
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decrease by more than two decibels with respect to the array gain

calculated with the mutual coupling neglected.
Therefore, one may conclude that the scanning capabilities of
the 36 element array of crossed slots will not be seriously affected

by mutual coupling between antenna elements.
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I. INTRODUCTION

W. F. Hayes, J. D. Tillman, E. R. Graf

Tracking antennas used in conjunction with space vehicles and
artificial earth satellites have become quite important in recent
years. Often a scanned parabolic dish antenna is used for this pur-
pose. The narrow beam may be shifted by moving the dish. This and
similar techniques accomplish the task but have the disadvantage of
requiring the usually large mass of the antenna to be mechanically
moved by electric motors.

In recent years, electronic scanning antennas have been used
successfully. These do not require the movement of the antenna nor
the presence of an operator. The antenna consists of a number of
identical elements in which the beam is shifted by varying the input
phase or amplitude to the individual elements. The field pattern is
obtained by multiplication of the pattern of each individual element
and that of the array in which the elements are located.

Since the beam is to be moved through the entire hemisphere it
is desirable for each element to have a hemispherical radiation
pattern. This prevents the field maximum from varying as the beam
is scanned through the hemisphere.

The object of this report is to evaluate the usefulness of a 36

element square array, using crossed slots for array elements, as an



electronically scanned tracking antenna. The crossed slot produces a
nearly hemispherical pattern and the resultant beam may be scanned
through the entire hemisphere by means of thirty five digital phase
shifters. These are capable of shifting phase in 22.5° increments
from 0° to 360°. The position of the beam for each phase variation
may easily be determined by negiecting the effects of mutual coupling
and plotting the array pattern. Since the elements are closely

spaced it is obvious that the array elements are coupled ; therefore,
it becomes necessary to examine the effects of mutual coupling on the
array pattern and gain. This is accomplished by calculating the mutual
admittance between each element and setting up the linear simultaneous
equations to yield the actual voltage magnitude and phase incident
upon each element, Having solved these equations the array pattern,
including the effects of mutual coupling, is plotted and compared to

that of the theoretical pattern for uncoupled elements.
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II.  ANATYTICAL DEVELOPMENT

Mutual Impedance Between Dipoles

Since the slot is the dual of a dipole it is advantageous to
derive the mutual impedance between dipoles and, using the duality
principle, obtain an expression for the mutual admittance between slots.

In order to arrive at an expression for the mutual impedance
between dipoles, first consider the self impedance of a single dipole
as shown in Figure 1. Assuming a sinusoidal current distribution

I(z) = ITcos(kz); the complex power to the antenna is given by

P, = {VTI vl (1)
2

or

1
Pc = ITIT ZT ' (2)

where Zq is the terminal impedance of the dipole. The complex input
power may also be expressed as the integral of the average complex

Poynting vector, <s >b,over the surface ,this may be written

P, =f<s>p' da (3)



1--A half wavelength dipole

Fig.



E x H*. (4)

N =

At the surface of the dipole the average Poynting vector becomes

- 1
<s > =-EE Hq)*a

P (5)

From Ampere's law

fﬁ-?ﬁ,=1. (6)

Taking a closed contour around the surface of the dipole yields

2n -
qu)(z) ad® = I (z), (7
o
thus,
Ipcos(kz)
H¢(z) = = oxa_ - (8

Substituting (8) into (5) yields

E (2) I _*cos(kz)
z T -

< S > = - a (9)
P P
4mta

at the surface of the dipole.

Using equation (3) and (9), the complex power is given by.

da (10)

u/\ Ez(z) IT*cos(kz)

4ra
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Evaluating E (z) at the surface of the dipole yields

M4 2x
)
P = - E_(z) I* (k
e J z(2) Ig*cos z) 2d6 ds an
-M4 0 4na
or
VLA
IT*
Pc = -';— u/\ Ez(z) cos (kz)dz (12)
-A4

for the complex power.
Comparing equation (12) to (2) the impedance of the dipole is immedi-

ately obtained as

VA
Zp = - %; u/‘ E,(z) cos(kz)dz. (13)
-4

1f a-e-0, the electric field intensity is given by

ITT] -jkl’t -jkrb 1
B0 = - 3D [e 1+ e 1 (14)
7 r T
€1 by
where Ty, < AMbG - z, Thy, = A& + z and 1 is the intrinsic impedance

of free space. The expression for the terminal impedance of a dipole

then becomes
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-jkry -jkrb
= .lﬂ U/‘ [ 1 e 1] cos(kz)dz. (15)

r
-x/4 b1

Consider two coupled dipoles as shown in Figure 2. Again assume
a sinusoidal current distribution along the half wave length antennas.
Let the radius of each dipole approach zero and assume identical dipoles
such that-le = Z99 and 212 = 221. Since the system is linear the

relationship between the currents and voltages may be represented by

the following simultaneous equations:

]

Vi 1,217 + Ip21p
and (16)

Letting V1 =V, =V, yields I, = I, = Ig. Solving the simultaneous

equations one obtains
vV, = IS(Z11 + le), ' (17)
or

Vs = IZ,

(18)

where the symmetrical impedance, Zj, is given by
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2--A two element array of half-wavelength dipoles
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Zg = Zy11 + Z233- (19)
In a similar manner letting V1 = - Vy = Va’ and thus Il = - 12 =1,,
equation (16) yields
Vv, = 1_Z {20)

where the antisymmetrical impedance, Z,, is given by

Z, = 211 - Z99- (21)

Simultaneous solution of equations (19) and (21) gives the mutual
impedance between the two dipoles in terms of the symmetrical and

antisymmetrical impedances as
1
Zi, = 3 (25 - Zp). (22)

Obviously Zg is the isolated impedance of each dipole when they are

fed identically. From (13) one obtains

Me
1 .
z, = - E; \/ﬁ Ez(z) cos(kz)dz, (23)
-)M4

where Ez(z) is due to the currents on both antennas. This electric

field intensity is given by



E,(2) = - 3 =

where rtl, rt2

dipoles, these quantities are given by

Ty, = ANbG - z

Thy = NG - z
T, = \‘dz + (b + M4 - z)2,
rp, = \‘dz + (b - N4 - z)z.

Inserting Ez(z) into Zg the symmetrical impedance becomes

NG, .
=jkr -jkr
Z = jﬂ_ [‘e—r—t—l"‘e__ﬂ]cos(k )d
s b ty Thy 2z
A&
A4 -jkrt -jkry
+ 3 J/‘ [e 2, e 2 } cos(kz)dz.
by T r
A4 ty by

Following the same procedure the antisymmetrical impedance becomes

I -jkr - jkr - -
Tls [e tl + e b1+eJkrt2+eJkrb2

, rbl, and rbz are defined in Figure 3. For parallel

(25)

(26)




Fig.

11

3--A general dipole array defining Ttys Thys Tty and Thy-
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NG e e
-j I't -] rb
z, =i _2_ [ e lie” 1 1] cos(kz)dz
Tt T+ rb
“\/b 1 1
A4 -jkrt2 -jkry,
| 2; [E'E' + & = 2 ] cos(kz)dz.
EY/A f2 b2 .

A [k ik

b
2 ] cos(kz)dz.
rtz rb
A4 2

(27)

(28)

This is the desired expression for the mutual impedance between dipoles.

Mutual Admittance Between Slot-Antennas

Having derived the mutual impedance between dipoles the dﬁality
principle may be used to obtain the mutual admittance between

parallel slots in an infinite ground plane. The duality principle

between slots and dipoles may be stated as followss$

If an e.m.f, of frequency f is applied to an ideal slot antenna

from an arbitrary source, the electromagnetic field vectors E and ﬁ_

in the slot and the space surrounding the slot will have the same

directions and will be the same functions of the space co-ordinates as
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the directions and the functions of the vectors H and E, respectively,
of the electromagnetic field of a dipole cénsisting of an ideally-
conducting, infinitely thin plate, located in free space and having the
same shape and dimensions as the slot when an e.m.f. of the same
frequency is applied to the plate at corresponding points.2

The duality principle allows one to obtain an expression for H,

as given below

—jkrt - 'k
H = - j._Y_ [e 1 L e JKTh, ], (29)

where Teq and Thy are‘the same as that in the dipole solution. One
observes that this is explicitly true only if the slot and dipole
have the same geometric shape. However, in this case a cylindrical
dipole is assumed to be the dual of a rectangular slot. In addition
both the slot and the dipole have been assumed infinitely thin. Both
of these assumptions introduce little error and may be neglected.

The mutual admittance between slots may be obtained by the method
used to obtain the mutual impedance between dipoles. Thus, it is again
necessary to first obtain the self admittance of a single slot and
use that to obtain the mutual admittance between coupled slot antennas,

Assuming a sinusoidal voltage distribution along the slot shown

in Figure 4 the electric field intensity in the slot is given by



¢

Fig. 4--A half wavelength slot in an electrically large

ground plane.
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Ex(z) = -g; cos(kz), (30)

where V is the terminal voltage of the slot. Now the average complex

power becomes

<s> = 1/2E x B¢ =-1/2 E_H_¥n, 31)

where n is normal to and directed outward from the plane of the slot.

Equation (31) may also be written
<s> = “Za cos(kz)Hz*(z); (32)

Integrating (32) over the total surface of the slot the complex power
is given as
VL
c

P = -V L/ﬁ Hz*(z) cos(kz)dz. (33)

-4

If the slot is cavity backed, the complex power is halved due to the

halving of the physical aperture, thus

v/
P = -‘Y \/ﬁ H_¥(z) cos(kz)dz. (34)
c 2 z
-4

The complex power may also be expressed as

P. = 1/2 VpVg*¥r. ' (35)
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Combinationof (34) and (35) yields

N2

YT = ‘% f HZ(Z) cos(kz)dz | (36)

b

and by substituting (29) into the above expression the self ad-

mittance of a cavity backed slot may be written as

are

/A
-jkrt1 ~jkry
Yp = -i‘;lr-'r—] f [e - + & = 1:‘ cos(kz)dz. (7
SN 1 b1

For the case of two coupled slots the linear simultaneous equations

I = Y31V + Y30V

(38)
Again the use of symmetrical and antisymmetrical inputs yields
Yg =¥y + Y12
and 39)
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and thus

= 172y, - ¥,

le ). (40)
It 1is obvious that Ys is the isolated admittance of each slot
when symmetrically fed From equation (36)
LA

Y, = -1 f H,(z) cos(kz)dz. (41)
's N

Hz(z) is due to the voltages along each slot antenna and is given by

+
Tt1 by Tt, by

. =jkr ~jkr ~jkr -j

v Jhry b jkry jkry,

H (z) == —= [ & l,e 1,8 2,8 2] (42)
z 27ty .

The quantities Tiys rtz, Thy» and rb2 are the same as those for the
dipole solution and are shown in Figure 3. Inserting H,(z) into Yg

the symmetrical admittance is given by

NG . . v
. -Jkrtl -Jkrbl
Y = e e + e cos(kz)dz
5 2 T r
M ty b1
N
(43)
A , , |
N / -Jkrt2 =jkry
+q71_ JF e + € 2] cos(kz)dz.
Sl i) b
R A 2
NiS e
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Simarily, the antisymmetriecal admittance may be obtained and used

in (40) to yield

A4 ) .
] e-_]krtz —_’]krbz .
Yyo = 5— f [ = + £ cos(kz)dz. 4”)
21]1( t2 rb
A4 2

Equation (44) gives a general expression for the mutual admittance

between cavity backed half wave length slots. It is obwious that

equation (44) will be valid for any slot length if the integration
limits are altered accordingly. Also, by comparing (28) and (44)
one notices that tﬁe mutual admittance between slots takes the same
form as the mutual impedance between dipole antennas. This implies
that any general results obtained by employing crossed slot elements
in the array will hold equally well if crossed dipoles are used as

antenna elements.

Method of Pattern Analysis

In an attempt to analyze the effects of mutual coupling on the
field pattern and gain of the array, one must first know the value of
the mutual admittances. As has been shown, the expression for the

mutual admittance is given by

2 T r

A& .
. "jkrt "'j rb .
Yi9 = ..:]._ f [e 2 + e 2] cos(kz)dz
7
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where Te, and rb2 are shown in Figure 3. Obviously the integral

cannot be directly evaluated. It becomes necessary to change the

expression to a more useful form. By Euler's identity

—jk,rtz )
e = cos(krtz) - JSln(krtz),
and (45)
“jkrb
e 2 = cos(krbz)- jsin(krbz).
Making these substitutions the mutual admittance becomes
cos(kr ) cos(kr, )
Yo = —-L- f [ + by ] cos(kz)dz
YA 2 rbZ
(46)
A4

N Jf [ s]_n(krtz)+ sin(krbz)] cos (kz)dz.

T
YA b2

Although the expression for the mutual admittance still may not

be integrated by straightforward means, it may easily be numerically

integrated by a computer with Simpson's 1/3 rule of integration.

Simpson's rule may be expressed as follows:

b

a

1
f f(z)dz = b—3;—2‘{f(a) + 4£(zg) + 2£(zp)...+ 4f(z 1) + f(b)J

(47)
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where n is always even and is the number of subintervals in the in-
terval from a to b. The accuracy is dependent upon the number of
subintervals chosen and is increased as n is increased.

After determining the mutual admittance the next step is to
examine the simultaneous equations representing the voltage and
current relationships of the slots. To analyze the affects of mutual
coupling on the array pattern, constant current inputs may be assumed
and the simultaneous equations solved to obtain the terminal voltage
of each slot. For the 6 x 6 array of crossed slots, 72 simultaneous
equations must be solved for the 72 voltages. Clearly one would not
wish to solve these equations without a computer. It is therefore
necessary to change the simultaneous equations into a form which may
readily be solved using computer techniques.

Consider the equations representing two slots, namely

and (48)

Since I, Y, and V are complex numbers it is necessary to sepe-

rate the real part from the imaginary.

(I;g + 3T1Q) = (Gyp + 3B (Vig + §ViQ) + (Gyp + iByp) (Vop + Vyq)

(IZR + jIZQ) = (G21 + jBZl)(VlR + jle) + (G22 + jBZZ)(VZR + ijQ)

(49)




Expanding these equations and setting the real parts equal and the

imaginary parts equal yields

21

IlR = G11V1R - Bllle + G12V2R - B]_2V2Q
I1q = B1iVir + 611V1Q + ByaVor + G1aVag
Ipr = Gy1Vir - BaiVig + Ga2Vor - B22V2q
I = B21Vir + G21Viq + ByaVor + GpaV2q-

These equations may be changed to matrix form as

The simultaneous equations represented by matrix equation (51)

IR 611
I1q Bia
| 621
|"2q] %21

G12

BlZ

5y

Byo

- -
Vir

le

V2R

VZQ

(50)

(51)

may easily be solved on a computer by inverting the augmented matrix.

Due to limited computer memory and accumulated round off error the
computer available will not invert a matrix larger than 90 x 90.

the thirty six element array of crossed-slots the resulting matrix

For

is 144 x 144, thus some approximations must be made in order to reduce

the size of the matrix.

To make this reduction, consider four elements



Fig.
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5--Four Element Array of Crossed Slots
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of the array as shown in Figure 5. First examine the mutual coupling
between the slot indicated by the solid line of element one and each
other element. The coupling due to the slot indicated by the dashed
line of element one is zero. Also the coupling due to each perpendi-
cular (dashed line) slot is negligible when compared to the coupling
of each corresponding parallel (solid line) slot. A valid model,
consisting only of parallel slots, may thus be used in obtaining
the array pﬁttern. The simultaneous equations representing the model
of parallel slots form g 72 x 72 matrix, which may be solved to yield
the terminal voltage of each slot. |

The field pattern for an array of identical elements is given
by the product of the field pattern produced by a single element aﬁd
the array factor. The field pattern for an array of slots may be
written as

N
E(®, ¢) = K£(O, ¢)Z viejk(r - T, - (52)
: i ¥A1

The normalized field pattern of each individual source is £(©, 6)
and N is the number of elements in the array. The distance r,, may

be determined by geometrical means from Figure 7 as

= - : - § i - O.
r; = r- x; sin© cos ¢ - y; sin © sin ¢ 2y cos © (53)



?

Fig.

25

7--The coordinate system of the array factor.
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The»calculated input voltages to the slots may be of unequal magnitude
and relative phase, so the array factor must contain the weighting
function, V;. Thus, the array factor becomes

N

Tk R
F(e,' 0) = Xvie.] (1‘ 1'1)‘

i=1

(54)

Using (54), the array factor for any configuration of parallel slots

may be obtained.
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ITI. ANALYTICAL EVALUATION

Anranalytical method has been established for evaluating the
effect of mutual coupling on the pattern of any array containing
dipolés or slots, in particular, an array containing 36 crossed
slots. Now one must merely carry out the numerical operations in
order to obtain the array pattern with the effects of mutual coupling
included. Obviously these affects will vary with beam position, so
if a total analysis were to be conducted one would have to analyze
each pointing of the array. The antenna, however, is to scan the
entire hemisphere, therefore, it is impractical-to examine each beam
position. This indicates that a representative set of beam positions
must be chosen and studied to yeild a reasonable evaluation.

The most representative set of beam locations includes the one
most affected and the one least affected by mutual coupling, and a
few between these extremes. Obviously, the vertical position will
be least affected since no input phase variation is required about
the center of the array. To obtain the other extreme, one should
choose the pointing which exhibits the most unsymmetrical phase dis-
tribution. This occurs near the horizon along the diagonal of the
array. These poéitions were analyzed along with three other point-

ings.

27
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- The input phase to the pqth element of the array, where p

designates the row and q the column, is given by

’ o
= + qL .5 .
8pq (pM + qL) 22.5

[

M and L may be any integer greater than or equal to -7 and less than
equal to 7, where ‘Lz + Mz is less than 7. Each beam position of
the array may be completely defined by L and M. For clarity the
various pointings of the array to be analyzed will be referred to by

their values of L and M. These values for the five representative

pointings are as follows: .

L=0 M=0 Theoretical Maximum at ¢ = 0° and 6 = 0°

L=0 M=-7 Theoretical Maximum at ¢ = 90° and 6 = 84°
L=-2 M=-2 Theoretical Maximum at ¢ = 45° and 6 = 24°
L=-3 M= -4 Theoretical Maximum at ¢ = 53° and 6 = 45°
L=-3 M= -6 . Theoretical Maximum at ¢ = 63° and 6 = 72°

where © and ¢ are shown in Figure 8.

With the aid of a computer the voltage to each slot has been
calculated assuming an arbitrary magnitude for the input current of
.25 ma. These voltages along with the input admittance to each

element are tabulated in Appendix A for five beam positions. With
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Fig. 8--A 6 x 6 array of crossed slots.

. R .
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no mutual coupling. the input admittance would obviously be that of

an isolated element and is

[1.029 + j.599]mmhos

Y11

or

It

Yy, = 1.19 £30.2° mmhos.

Comparing the above value of input admittance to those tabulated in
Appendix A indicates the magnitude and phase of the terminal admittance
has been affected in each case.

The voltage of each slot, neglecting mutual coupling, may be

given by
Vog = Ipq/Yll, ' : (56)
where qu and Ipq are the voltage and current to the pqth element.
Now
I = -25 Lo gma,
therefore
Vp, = -210 Loy - 30.2° volts.
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Comparing  this voltage to the tabulated values, the affect of

mutual coupling is evident. Even though tﬁé voltages have been
significantly altered, no conclusions may be made concerning the over-
all effect of the coupling on the péttern and gain of the array at
this point.

Using the tabulated voltages the array pattern may be obtained
from (54). These patterns are shown for each pointing with and without
the affects of mutual coupling in Appendix B. The position of the
field maximum in these patterns is not altered significantly by
the coupling. The magnitude of the beam has been significantly
altered in several cases. It has been decreased in most cases, but
for L=-3, M=-4 and L = -3, M = -6 the magnitude is increased;
however, the shape of the theoretical pattern has been maintained in
each case.

The magnitude of the beam influences the gain of the array necessi-
tating the evaluation of the array power gain for each representative
pointing. It is a simple matter to find the total input power to the
array since the input voltage and terminal admittance of each slot is

known. The total input power to the array may be expressed as

5 5
Pn = Re Z |v |2Y
T ' Pq' Pq
p=0 g=0
or . 5 5 7
P |v Izc
T - Pq' “pq
p=0 q=0
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Where‘qu is the real part of the terminal admittance of the pqth

element. Therefore, the power gain of the afxay méy be obtained for
each pointing using any desired reference. Choosing a single slot
in an infinite ground plane as a reférence, one arrives at the

expression for the reference power;
- vl | -
Pref G11- (58)

Gli is the real pért of the input admittance to a single isolated
half wavelength slot. The reference power is the power input to the
reference antenna necessary to Yield the same field maximum as the
array. The weighted a;?ay factor, (54), of a single slot is equal
to the input voltage to the slot. Therefoie, the reference power
becomes

2
Pros = [F(8, ®)payl 6115 (59)

where F(8, ¢) is the ﬁaximum'value of the weighted array factor.

Thus, the power gain of the array becomes

G = 1>ref/1.>T
or ' (60)

2
IP(©, ®)max! 611/Pp

(9]
1
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Having the above expression for power gain, the gain of the array
with no mutual coupling included may be deriﬁed. To obtain this gain,
let Vg be the magnitude of the input voltage to each slot. The array
pattern maximum may be obtained from (54) and equals 36 VS. Thus,

the reference power becomes -

2
Pref'= |36 VS| Gll.
The total power to the array may be obtained by summing the input

power to the slots to yield,
Pp = 36 V_ Gy3-

Therefore, the array gain, neglecting mutual coupling, is 36.

The array gain with mutual coupling included is tabﬁlated in
Table 1, it is seen to vary for different beam positions. This
variation is expected, but when mutual coupling is included ome
generally expects the gain to decrease, as is the case for three of
the pointings. However, two calculated pointings gave gains greater
than that of the idealized array. 1In theée cases mutual coupling has
actually improved the array pattern. Since in most engineering
practices the idealized case is usually the best attainable result,

some means of verification is in order at this point.
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TABLE 1

THE POWER GAIN OF THE MODEL ARRAY WITH
RESPECT TO AN INDIVIDUAL ELEMENT

L M Field Max. Reference Power Array Power Gain
0 0 6.18 39.3 mw 1.497 mw 26.3
0 -7 5.23 28.2 mw 912 mw 30.9

-3 =4 9.47 92.5 mw 2.225 mw 41.6

-3 -6 8;83 80.4 mw 1.355 mw 59.2

-2 -2 7.27 54.5 mw 1.809 mw 30.1
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Using-linear superposition, the uncoupled gain with reference
to a single element of any array is equal to’the number of elements
of the array. Now if for some spacing of a two element array, it
can be shown that a gain greater thaﬁ two is possible then one could
more readily accept the coupled gain figures obtained for the 36
element array. Eéflier, it was stated, that any general results
obtained using crossed slots as antenna elements would hold equally
well if crossed dipoles were the antenna element. Thus, it will
suffice to show that the gain of a two element array of dipoles may
be greater than two. This approach is used since the mutual impedance
of two dipoles as a function of antenna length and spacing is tabu-

1,3
lated in various texts.

The simultaneous voltage equations for the two dipoles are

(61)

Vl = 21111 + Z1213
Assuming identical elements yields, le = Zyy and Zjy = Zy;. Also
for simplicity let Vg = V. =Vj. Therefore I = I] = I, and thus,

1

Ig = Vg/Z,

where



[}

36

Z, = Zyyt 2y (62)

The total power to the two elements may be expressed as

Py = Re |ViIp* + VZIZ*],
(63)
- ¥ ¥*
\/ v
Pnm = Re |V [—ﬁ] +V [_5] ]
T 3
L 5[ Zg 5 Zg
or
2
Al
PT - 2 s? (64)
|z

where Rs is the real part of ZS.
The field pattern of a dipole is proportional to the current dis-

tribution along the antenna, so the weighted array factor may be given as

—jk(r-rl) -jk(r-rl)
F(e, ¢) = Ile T+ Ige ,
and
Fe, ®) .. = 1| + 11| = 2]z],
or
Vv
F(e, ®) .. = zl s
||
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The input current to the reference dipole necessary to yield the

same array factor maximum as the array is

Iref = . ' (65)

The input voltage to the reference antenna is given by

zlvsl

[,

Ziq, 66
IZSI 11 (66)

Vref

where Z11 is the self impedance of an isolated dipole.

The reference power is expressed as

Pref = Re{vfeflref*]’ _ (67)
2lv.l 1 2]|v|
Prer = > [ = Rll]
lz_ | b zgl
or
2
P 41| R (68)
= 11
N PAL

where R11 is the real part of Zy1-
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Fram equdations (68) and (64) one may directly obtain the gain of

the array;

Ri1 :
G = 2— . (69)
Ry
or
R11
G = 2—m : (70)
Ry + Rpp

If the mutual coupling is assumed to be negligible then the gain is
two. This corresponds to the number of elements. Also, if the gain
is to be greater than two, R12 must be negative. Figure 9 shows that
Ry, may be negative for various spacings. Thus, the coupled

gain of an antenna array may definitely be greater than.that of the

uncoupled case. This justifies the previously obtained result.
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IVv. CONCLUSIONS

The array patterns obtained iﬁdicate that the array consists of
enough elements_such that.many of the interior elements have essen-
tially the same terminal admittance, and thus, produce the desired
pattern. For smaller arrays this is not the case and the beam
may not be properly steered. A four element array of crossed slots
was briefly examined. The results definitely indicated an undesirable
influence of mutual coupling on the array pattern.

The gain of the array was shown to vary throughout the hemisphere
due to the coupling between elements. This variation of gain is
normally not desirable. However, the worst case analyzed did not
reduce the array gain more than two decibels with respect to the
uncoupled case. This small variation may easily be tolerated. Thus,
it may be concluded that the mutual coupling between the crossed
slots will not significantly impair the scanning capabilities of the

array.

40
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APPENDIX A

The tabulated results of the solutions to the simultaneous

equations representing the current and voltages of the slots are

presented in this Appendix.

42
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TABLE A-1

THE TERMINAL VOLTAGE AND ADMITTANCE OF THE 36 ELEMENT MODEL
ARRAY OF PARALIEL SIOTS FOR L = 0 AND M = 0

ELEMENT INPUT CURRENT TERMINAL VOLTAGE TERMINAL ADMITTANCE
Paq Magn. Phase Magn. Phase Magn. Phase
00 .25 ma 0.0° 145 v 1.9 1.73 mmhos -1.9
01 .25 0.0 .179 8.8 1.39 -8.8
02 .25 0.0 . 164 10.7 1.52 -10.7
03 .25 0.0 .162 6.9 1.54 -6.9
04 .25 0.0 .174 15.3 1.43 -15.3
05 .25 0.0 .186 -5.7 1.34 5.7
10 .25 0.0 .180 8.8 1.39 -8.8
11 .25 0.0 .202 24.6 1.24 -24.6
12 .25 0.0 .178 22.7 1.41 -22.7
13 .25 0.0 .177 20.7 1.42 -20.7
14 .25 0.0 .199 25.4 1.25 -25.4
15 .25 0.0 .175 15.4 1.43 -15.4
20 .25 0.0 .164 10.5 1.52 -10.5
21 .25 0.0 .177 22.8 1.41 -22.8
22 .25 0.0 .161 17.1 1.55 -17.1
23 .25 0.0 .162 16.6 1.54 -16.6
24 .25 0.0 .177 20.5 1.41 -20.5
25 .25 0.0 .161 6.7 1.55 -6.7
30 .25 0.0 .160 7.1 1.56 -7.1
31 .25 0.0 .178 20.7 1.40 -20.7
32 .25 0.0 .162 16.3 1.55 -16.3
33 .25 0.0 161 17.2 1.55 -17.2
34 .25 0.0 .177 22.5 1.41 -22.5
35 .25 0.0 .163 11.3 1.54 -11.3
40 .25 0.0 .178 17.5 1.41 -17.5
41 .25 0.0 .199 26.0 1.26 - -26.0
42 .25 0.0 .177 20.4 1.42 -20.4
43 .25 0.0 .178 22.9 1.41 -22.9
A .25 0.0 .202 24.7 1.24 -24.7
45 .25 0.0 .179 8.6 1.40 -8.6
50 .25 0.0 .189 -2.7 1.33 , 2.7
51 .25 0.0 .170 15.9 1.47 -15.9
52 .25 0.0 .163 6.4 1.53 -6.4
53 .25 0.0 .163 11.0 1.53 -11.0
54 .25 0.0 .180 8.7 1.39 -8.7
55 .25 0.0 . 145 2.0 1.73 -2.0



TABLE A-2

THE TERMINAL VOLTAGE AND ADMITTANCE OF THE 36 ELEMENT MODEL
ARRAY OF PARALLED SIOTS FOR L. = 0 and M = -7

ELEMENT INPUT CURRENT TERMINAL VOLTAGE TERMINAL ADMITTANCE

Pq Magn. Phase Magn. - Phase Magn. Phase
00 .25 ma 0.0 272 v -37.4 .92 mmhos 37.40
01 .25 0.0 .235 -23.9 1.07 23.9
02 .25 0.0 .227 -28.2 1.10 28.2
03 .25 0.0 .232 -27.8 1.08 27.8
04 .25 0.0 .233 -31.6 1.07 31.6
05 .25 0.0 .181 -41.8 1.38 41.8
10 .25 ' =157.5 211 152.2 1.19 50.3
11 .25 ~157.5 .198 155.4 1.26 47.1
12 .25 -157.5 .198 160.7 1.26 41.9
13 .25 -157.5 .198 157.8 1.26 44.7
14 .25 -157.5 .201 155.1 1.25 47.4
15 .25 -157.5 .198 137.1 1.26 75.4
20 .25 -315.0 .169 -4.8 1.48 49.8
21 .25 -315.0 .143 -11.3 1.75 56.4
22 .25 -315.0 .150 -5.4 1.67 50.4
23 .25 -315.0 .156 -4.7 1.60 49.7
24 .25 -315.0 .157 -10.5 1.59 55.5
25 .25 -315.0 .176 -32.0 1.42 77.0
30 .25 -112.5 .142 -158.6 1.76 46.1
31 .25 -112.5 .110 -168.8 2.27 56.3
32 .25 -112.5 .104 -161.4 2.40 48.9
33 .25 -112.5 .115 -160.8 2.17 48.3
34 .25 -112.5 .128 -166.9 1.96 54.4
35 .25 -112.5 .153 . 165.9 1.63 81.6
40 .25 -270.0 114 48.2 2.20 41.8
41 .25 -270.0 .089 41.8 2.80 48.2
42 .25 ~270.0 .087 47.2 2.86 42.8
43 .25 -270.0 .087 52.2 2.87 37.8
44 .25 -270.0 .101 46.2 2.48 43.8
45 .25 -270.0 .131 12.8 1.90 77.2
50 .25 -67.5 .093 -93.7 2.70 26.2
51 .25 -67.5 .079 -93.2 3.16 25.7
52 .25 -67.5 .072 -96.3 3.45 28.8
53 .25 -67.5 .068 -94.6 3.66 27.1
54 .25 -67.5 .079 " -87.4 3.18 19.9
55 .25 -67.5 .113 -127.7 2.21 60.2
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TABLE A-3

THE TERMINAL VOLTAGE AND ADMITTANCE OF THE 36 ELEMENT MODEL
ARRAY OF PARALLEL SLOTS FOR L = -2 and M = -2

ELEMENT INPUT CURRENT TERMINAL VOLTAGE TERMINAL ADMITTANCE
' Coupled
Pq Magn. Phase Magn. - Phase Magn. Phase
00 .25 ma 0 .227 v 3.2 1.10 mmhos -3.2
01 .25 =45 .227 -32.9 1.10 -12.1
02 .25 -90 .222 -83.4 1.13 -6.6
03 .25 -135 .224 -123.0 1.11 -12.0
04 .25 -180 <254 ~175.8  0.98 . ~4.2
05 .25 -225 . 198 121.5 1.26 13.5
10 .25 =45 ©.226 -32.8 1.11 -12.2
11 .25 -90 - .182 -73.3 1.38 =-16.7
12 .25 -135 .201 ~120.3 1.24 -14.2
13 .25 -180 .201 -161.4 1.24 -18.5
14 .25 =225 .226 143.4 1.10 -8.4
15 .25 -270 . 141 88.5 1.77 1.5
20 .25 -90 .221 -83.1 1.13 -6.9
21 .25 -135 .203 -120.3 1.23 -14.7
22 .25 -180 .220 -165.8 1.14 -14.2
23 .25 -225 .221 149.1 1.13 =14.1
24 .25 =270 .242 95.3 1.03 -5.3
25 .25 =315 .170 41.4 1.47 3.6
30 .25 -135 . .222 -123.7 1.13 -11.3
31 .25 -180 .202 -161.1 1.23 -18.9
32 .25 -225 ©.227 149.0 1.09 -14.0
33 .25 =270 .218 106.6 1.14 -16.6
34 .25 =315 .233 50.6 1.07 -5.6
35 .25 0 . 156 . =5.0 1.60 5.0
40 .25 -180 .246 -176.4 1.01 : -3.6
41 .25 =225 .231 143.8 1.08 -8.8
42 .25 =270 .239 95.9 1.05 -5.9
43 .25 =315 .231 50.3 1.08 -5.3
44 .25 0 . 244 0.2 1.02 -.2
45 .25 =45 .162 =52.2 1.54 7.2
50 .25 -225 .195 125.3 1.28 9.7
51 .25 =270 .138 87.3 1.82 2.7
52 .25 =315 .171 41.4 1.46 3.6
53 .25 0 -156 =4.3 1.60 4.3
54 .25 =45 .161 -52.2 1.55 7.2
55 .25 -90 .115 -97.2 2.17 7.2
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TABLE A-4

THE TERMINAL VOLTAGE AND ADMITTANCE OF THE 36 ELEMENT
34, s L. MODEL
ARRAY OF PARALLEL SIOTS FOR L = -3 and M = -4

ELEMENT INPUT CURRENT TERMINAL VOLTAGE TERMINAL ADMITTANCE

Pq Magn. Phase Magn. Phase Magn. ~ Phase
00 .25 ma 0.0 .376 v -12.0 .66 mmhos  12.0
01 .25 -67.5  .333 -78.2 .75 10.7
02 .25 -135.0  .357 ~147.3 .70 12.3
03 .25 -202.5  .355 140.5 .70 17.0
04 .25 -270.0  .318 66.3 .79 23.7
05 .25 -337.5 212 -5.6 1.18 28.1
10 .25 © -90.0  .330 -100.6 .76 10.6

11 .25 -157.5  .316 -177.6 .79 20.1
12 .25 -225.0  .304 117.2 .82 17.8
13 .25 -292.5  .313 45.8 .80 21.7
14 .25 0.0  .283 -31.6 .88 31.6
15 .25 -67.5  .152 -110.2  1.64 42.7
20 .25 -180.0  .362 170.3 .69 9.7
21 .25 -247.5 .303 95.9 .83 16.6
22 .25 -315.0  .297 29.8 .84 15.2
23 .25 -22.5  .297 -39.0 .84 16.5
24 .25 -90.0 .268 -115.8 .93 25.8
25 .25 -157.5 .130 172.6 .19 29.9
30 .25 -270.0 - .365 74.5 .68 15.5
31 .25 -337.5  .318 2.9 .79 19.6
32 .25 -45.0 ~ .308 -60.8 .81 15.8
33 .25 -112.5  .306 -129.0 .82 16.5
34 .25 -180.0  .291 156.0 .86 24.0
35 .25 -247.5  .159 . 86.3  1.58 26.2
40 .25 0.0 .316 -21.8 .79 21.8
41 .25 -67.5  .276 -96.0 .91 28.5
42 .25 -135.0  .257 -159.9 .97 24.9
43 .25 -202.5  .274 135.7 .91 21.8
A .25 -270.0  .268 60.2 .93 29.8

45 .25 -337.5  .160 ©-10.1  1.56 32.6
50 .25 -90.0  .199 -113.2  1.26 23.2
51 .25 -157.5  .156 175.8  1.60 26.7
52 .25 -225.0  .149 117.5  1.68 17.5
53 .25 -292.5  .166 53.6  1.51 13.9
54 .25 0.0 .172 -24.3  1.45 24.3
55 .25 -67.5  .098 -93.1  2.54 25.6
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TABLE A-5

THE TERMINAL VOLTAGE AND ADMITTANCE OF THE 36 ELEMENT MODEL

ARRAY OF PARALLEL SIOTS FOR L = -3 and M = -6

ELEMENT INPUT CURRENT TERMINAL VOLTAGE TERMINAL ADMITTANCE
Coupled

Pq Magn. Phase Magn. Phase Magn. Phase
00 25ma 0.0 .39 v 44.9° .64 44.9°
01 .25 -67.5 .32 ~117.0 .78 49.5
02 .25 -135.0 .33 177.0 .75 48.0
03 .25 -202.5 .32 108.1 .77 49.4
04 .25 -270.0 .29 39.5 .86 50.5
05 .25 -337.5 .20 ~24.6 1.26 47.1
10 .25 "=135.0 .36 174.5 .70 50.5
11 .25 -202.5 .34 100.8 .73 56.7
12 .25 -270.0 .32 31.6 .79 58.4
13 .25 -337.5 .31 -34.3 .80 56.8
14 .25 -45.0 .29 <103.5 .86 58.5
15 .25 ~112.5 .19 ~179.8 1.32 67.3
20 .25 -270.0 34 43.9 .74 46.1
21 .25 -337.5 .33 -36.9 77 59.4
22 .25 -45.0 .31 ~104.9 .82 59.9
23 .25 ~112.5 .29 ~173.5 .87 61.0
24 .25 ~180.0 .27 119.1 .94 60.9
25 .25 ~247.5 .17 37.9 1.49 74.6
30 .25 =45.0 - .32 -89.4 .78 41.4
31 .25 ~112.5 .30 -169.0 .83 56.5
32 .25 ~180.0 .29 120.5 .87 59.5
33 .25 ~247.5 .26 51.3 .95 61.2
34 .25 ~315.0 24 -18.0 1.03 63.0
35 .25 -22.5 .14 - =104.2 1.74 81.7
40 .25 ~-180.0 .28 146.4 .89 33.6
41 .25 ~247.5 .24 63.0 1.02 49.5
42 .25 ~315.0 .23 -8.8 1.10 53.8
43 .25 -22.5 .22 -77.6 1.16 55.1
44 .25 -90.0 .20 -147.9 1.25 57.9
45 .25 -157.5 .11 125.5 2.24 77.0
50 .25 -315.0 .19 24.7 1.29 20.3
51 .25 -22.5 .15 ~45.9 1.61 23.4
52 .25 -90.0 .14 -115.1 1.75 25.1
53 .25 -157.5 14 175.7 1.75 26.8
54 .25 -225.0 .14 - 102.8 1.73 32.2
55 .25 ~292.5 .07 17.7 3.60 49.8



APPENDIX B

The following figures illustrate the effect of mutual coupling

on the array patterm of the 36 element model array.
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B-1--The elevation pattern for the 6 x 6 model antemna

array with L = 0, M = 0. (¢ = 90°)
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B-3--The azimuth arra); pattern for the 6 x 6 model antenna
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Fig. B-5--The azimuth array pattern for the 6 x 6 model antenna
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array with L =- 2, M = -
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uncoupled
coupled
i
Fig. B-8--The elevation pattern for the 6 x 6 model antemna
array with L= - 3, M =- 6. (¢ = 63°)
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Fig. B-9--The azimuth array pattern for the 6 x 6 model antenna
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APPENDIX C

The following Fortran source programs were used to obtain the

numerical results presented in the body of this report.
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SOURCE PROGRAM 1

MUTUAL ADMITTANCE BETWEEN PARALLEL SLOTS

The following two programs yield the mutual admittances for all
combinations of b and d, the quantities shown in Figure 2, that appear
in the 6 x 6 array of parallel slots. The input data to each program
is the spacing between each element, SPACE, and the length of the slot,
H in wavelengths. In these programs SPACE = .44 and H = .5. The
output yields G, where G is the real part of the mutual admittance,

and S, the imaginary part, with b and d as parameters.
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LMoL ] n747
$TRINR
SIBFTC
c COMPUTATION OF MUTUAL ADMITTANCE BFTWFEN SLOT ANTFNNAS
c SPACING=SPACE AND LENGTH=H
READ 2004SPACFoH
DIMENSION R{696)sD(636)
RT(DBsZI=SQRT(D* X2 4 {B+H/2,~2 ) %%2)
RBIDsBeZ}=SQARTID*X 24 (R~H/ D, —Z )% %D)
REELI{DIB2Z1={SIN{64,2832%RTIN:sB3Z11/RTID:RZ1+SINIA,2R3D*

1 RB(DsBsZ))1/RR(DIR$Z)1I¥C0S(6,2832%2)
UNREAL(D3BsZ)=(COS(642R22%¥RT(DsBsZ) ) /RTIDsBsZ)1+C0S(6.2832%RB{DsBs
2 Z))/RB(DeReZ )1 ¥(C0S(642832%2)

DC 10 I=146
CO 10 J=1+6
IF(T1.GTeJ) GO TO 10
V=l=1
wW=J-1
D1+ J)=WHSPACF/1.414214
BlleJ)=D(IeJ)+VRSPACE*1.414214
N=8
3 K=0
20==~H/2e
Z21=20+H/2e%%N
22=Z14H/ 2 % %N
SREAL=N,0
SIMAG=0,4,0 )
5> SREAL=SREAL+REEL(D{(I+J)sBlIoJ)9Z0V1+4«*¥REFELI(D(TI9sJ)eB(TsJ)sZ1)
1 +REELAD(T9J)sR(TsJ)sZ2)
SIMAG=SIMAG+UNREAL(DI({TI9J)9sB(13J)19Z0) +4%UNREAL(D{IsJ)sB(IsJ)sZ1)
2 +UNREAL(D(TsJ)sB(1sJ)eZ2)
20=22
21=224H/ 26 % %N
22=214H/2+%%N
K=K+1
IF (Kol To2%%(N-1)) GO TO 5
GoH/ (2 X ¥N%3,1/ (60 %9,86096044 ) ¥SREAL
SzH/ (24 %¥%¥N%I, )/ {60 %9, REG6044 ) XSTMAG
PRINT 300eT9JsN(T19J)sB(19J)sGeS
10 COMNTINUE
200 FORMAT (2E1040)
30C FORMAT (1Xe3HI =912e3Xe3HJ =91293X9s3HD =9F56293Xe3HB =9F542

2 3X93HG =9E164T793X93HS =9E1667)
7 STOP
END
SENTRY
o 440 Ne50
$IBSYS
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$J0B 0747
$18J08B
SIBFTC
C COMPUTATION OF MUTUAL ADMITTANCE BETWEEN SLOT ANTENNAS
C SPACING=SPACE AND LENGTH=H
RFAD 200sSPACEsH
DIMENSION B(6s68140(646)
RY(DsBsZ)I=SQARTID* 24 (B4H/2,~7) %%2)
RR(N3RsZ)=SARTIDRAD L (R—H/D~7 ) #%D)
RFﬁLiD,ﬁoZi:fsfnfe.?a=?*RT!hs8319zleT(n,n,Zy+51N(s,7aza*

1 RB(D9BsZ))1/RE(DsRs21)1*¥COS(6,2832%2)
UMREAL(D9B2Z)=(COS(642822%RT(D9BsZ)1/RT(DsBsZ1+C0O5(6e2832%RBIDs»
? ZYV/RRINePeZ ) ) %XCOS(6,2832%7)

DO 10 I=1s56
PO 10 J=1+6
IF(1GTeJ) GO TO 10
v=I-1
W=J-1
R{TeJ)=WHSPACF/1,414214
DITeUY=R{1+sJV+VESPACE®Y 414014
N=8
J K=D
ZO:°H/2.,
21=Z204H/ 2, %%N
Z2=214H/2 o % %N
SREAL:(\.O
SIMAG=0,0
5 SREAL:SREAL+REEL(D(IoJ)sB(IsJ)’ZO)+4.*REEL(D(IQJ)9B(IoJ)’ZI)
1 +REELID(TsJ)oR(ToJ)sZ2)
SIMAG:SIMAG+UNRFAL(D(I-J)9B(IQJ)!ZO)+4.*UNREAL(D(Y‘J"B(IOJ),Zl)
2 +UNRFALUIDITIsJ)YosRUT4J1922)
20=22
Z1=Z224H/ 2 %%N
Z22=71+H/ 2, %%N
K=K+1
TF(K LT 42%¥%{N=1)) GO TO 5
G=H/ (2 %¥%XN%#3,1/(60,%9,B696044) ¥SREAL
SzH/ (2, % %¥N%#34 1/ {60.%¥9.R696044 ) XSIMAG
PRINT 300sTeJeD(IsJ)sR(TsJ)sGsS
10 CONTINUE
200 FORMAT (2F10.0)
300 FORMAT (1Xs3HT =91293Xs2HJ =91293Xs3HD =9F5,293Xe3HR =9F5e2s

2 3X93HG =9F16eT93X93HS =9F167)
7 STOP
END
SENTRY
«440C Ne5N

$185YS
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SOURCE PROGRAM 2
THE SOLUTION OF THE SIMULTANEOUS CURRENT EQUATIONS FOR THE
36 ELEMENT ARRAY OF PARALLEL SIOTS

The following program yields the vdltage to each slot of the 36
element array of parallel slots. The input data for the program
is C, where C is the currents applied to each slot, and Y, the mutual
admittances calculated in the previous program. These quantities
are read into the program in matrix form as shown in equation (51).
The output gives the terminal voltage, V, and phase, PHASE, of each

element in the array.

62
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63
NT4T HAYES
25

SOLUTION TO SIMULTANEQUS CURRENT EFQUATIONS FOR
A 36 ELEMENT MONTL ARRAY OF PARALLFEL SLOTS
DIMENSION Y{(T72s72).C(72+5)

READ (5%+100) C

DO 5 1=1472

PO 5 J=1+72

IF{JeLFel) GO TO &

READ(R 4200} Y(TsJ)

Y(ls)=Y(TaJV%],Fa

YU T)=Y(Tad)R{=~F ) %% (J=T)

IF(1eFQaJ) Y{(T19J)=N,4116429F407

CONT INUE

DO 1131 N=1.72

SUMSO=O.

PO 110 NN=1,72

SUMSQ=Y (Ns NN) %#X24£S5SUMSQ

DO 112 NN=1,7?
YINsNN)I=YINsNNI/SQRT {SLIMSN)

DO 111 NN=1+5
CINSNN)=C(NsNN)/SART(SUMSO)

CALL MATTINV (YeT72+C454DFTYH

DO 13 J=1e5 :

DO 13 1=1+72s2

N=1+1

V=SORTICIT+JI%%¥D4C [Ny ) ¥*D)
PHASE=ATAN2 (C(NsJ) sCl1sJ))%180e/3e14159
L=N/2

WRITE(65500) LsVsPHASE

FORMAT (6F10.0)

FORMAT(E16.T)

FORMAT{1Xs 1 2HELEMENT NOo 3s1293X93HV =4E16,T93Xs THPHASE

STOP
END

=9F10.5)
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SOURCE PROGRAM 3

ARRAY FACTOR

This program may be used to plot the‘array pattern given in
equation (54). This pattern may be plotted for any constant elevation
or azimuth angle, Tl and P respectively. The input data includes the
relative position of each element in rectangular coordinates, X(I),
¥(I), z(I). The relative amplitude, T(I), and phase, G(I), of
each element is also required, along with the wavelength of the pro-
pogated signal, C.. The output yields the magnitude and relative
phase of the array factor with the elevation and azimuth angles as

parameters.
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$FNTRY
$1BSYS

65
0747
1n

ARRAY
CALCULATION FOR A GENERAL ARRAY PATTFERN
THE CASF FOR L=ns M=0
NIMENSTION X{1NCYsY(ICO)Y4Z (10031 sT(100)46G(100)+G2(100)
RFAD(5510)INTeDP4CoN
FORMAT(3F1N,0+11N)Y
NT=3,1415971804%¥DT
NP=3,741597180,20P
F=0.
NO 30 T=1eN
READIS$3INIXLTI VoY (T)aZ(TYaT(T)eG(TY
FORMAT(S5F1IC,)
T1=3.,14159/2.
P=0.
A=0,
B=Oo
DO 40 1=1sN :
D=X{I)%SINI{T1)*COSIPI+Y (T )%SIN(TI)*SIN(P)+Z(1)*COS(T]1)
G2(11=3414159/1R04%G(1)
S=G2(1)142.%2,14159/C*D
AzA+T (1)1 ®CNS(S)
R=B+T(I1)1%#SIN(S)
F=SQRT(A*%D +R%¥%2}
ANG=ATANZ(BsA)
T2=180e/31415%T1
ANG=1804/3.1415%ANG
P2=180e¢/3e1415%P
WRITE(6450)T2+P2sF s ANG
FORMAT(IXs THTHETA =4FBe232Xs5HPHI =43FBe2s2Xs
OHPATTERN =9F154892Xs THANGLE =3F842)
E=E+1,
IF(EaGT&a200n0,1G0 TO 70
P=P+nP
IF(PelLTe6e28317)GO TO 35
T1=T1-DT
IF(TlelTol(-e0213GO TO 7N
GO TO 31
STOP
END



SOURCE PROGRAM 4

THE INPUT POWER TO THE 36 ELEMENT
ARRAY OF PARALLEL SLOTS

lement of the array
to obtain the total radiated power. The input data is C, where C is
the current applied to each element,and V, the calculated terminal
voltage of each slot. The program yields the magnitude and phase of
the terminal admittance, YM and YA, respectively, along with the total

radiated power of the array.

N
N
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0747 HAYES

TERMINAL ADMITTANCE AND TOTAL INPUT POWER TO ARRAY FOR SPECIFIED

POINTINGS

DIMENSION C(72+5)sVI(T72+45)

RFAD 2004C

DO 5 J=1s5

DO 5 I=1,72

ClleJ1=Cll9J)%25F~4

READ 300,V

DO 12 J=1s5

POW=0,0

DO 10 1=1+7242

N=1+1

L=N/2

YM=SQRTI(CIT eI ¥¥24CINeJI X2 )/ {VIIeJ)%%24VINsJI®%2))

YA={ATANZ2(CINsJYsC(T o)) -ATAN2{VINSJ)IeV(I+J)))1*¥180e/341415927

PM=YME(V(Te J)XX¥24VINeJ)*%2)

PA=341415927/1804*YA
POW=POW+PM*COS(PAY

WRITE(69400)LsYMsYA

WRITE(6+500)JsPOW

FORMAT(6F10.0)

FORMATI(6EL12.7)

FORMAT(1Xe12HELEMENT NOo 91296Xs3HY =9F 16 793Xs THPHASE =9F124,4)

FORMAT(1Xe9HCASE NOos 91193Xe3HL =95Xs3HM =95Xs13HTOTAL POWER =,
E1647) . -

sSTOP

END



